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Cost & Schedule boundaries

• Replacing the existing SVXII and L00 detectors.
• Project to be completed in 2005.
• Tevatron will switch to 132ns operation at the time we

install the upgraded detectors.
• Estimated down-time for removing the present silicon

detector and replace it with the new is ~6-7 months.
• Estimated cost for the Silicon project is 14.4 M$ including

FNAL labor and contingency.
Possible additional contributions coming from Taiwan, Korea
and University funds.



Schedule Outline

• Schedule is loaded with information on:
M&S cost

Source of funding

Labor (also non-FNAL labor)

Contingency

Bases of estimate on cost and labor

WBS dictionary

• Schedule is divided in 2 major parts:
Stave Construction

Mechanical Support

• Schedule is driven by Stave Construction

• Milestones have been identified for every subproject



• The main construction effort will be on modules and staves.

• The key feature of the design (identical modules and staves)
allows for a high level of parallelism in the construction

• We are planning to sustain a rate of ~1 stave a day.

• The present schedule has the completed silicon by May 2005

Schedule



milestones

• First stave prototype by Aug 2002
Mech.staves, SVX4 chips (ER), hybrids, bus-cable, miniPC, JPC
Exhaustive tests both electrical and mechanical

• We included a second prototype run (contingency) for stave parts, module
construction and stave construction.

• There are 7 months between the 1st and the 2nd (Contingency) Prototype level
The schedule follows the conservative 2nd round of chips and prototypes

• Production electrical stave starts by Summer 2003
• L0 (L00 style) construction happens in parallel. Not critical path
• Detector complete by May 2005



SVX4 Chip

• Engineering run chips available by end of June 2002
• 2nd engineering run assumed (contingency) in October 2002

In principle this could be the production run.
• Production submission by April 2003
• Common with D0
• Total CDF cost ~1.0M$ (includes labor and contingency)



Sensors

• Prototype order already submitted (Apr 1 2002)

• Production order to go out by October 2002 but could be delayed by a few
months if needed without interfering with the schedule (but advantageous
to procure all silicon in advance)

• Production detectors should arrive between Feb 2003 and March 2004.

• Expecting a minimum production rate of 200 detector/month

• Total sensor cost is ~2.3M$ (includes 30% contingency and 20% spares)



Hybrid

• 2 prototype runs + pre-production run in the schedule to minimize risks
• Same technology already successfully used for the L00 and other projects
• 94% of production is the same 4-chip hybrid
• A rate of 40 hybrids/week (loaded and tested) is expected in order to match

the stave construction and considered comfortably achievable
• Total cost ~2.0M$



Mini Port Card

• 1 mini port card per stave

• 2 prototype runs + pre-production run in the schedule to minimize risks

• Same technology as the hybrid

• Total cost ~0.65 M$



Module Production Schedule



Module construction

• Sensors are glued together “head-on” on a special fixture
under the CMM. Hybrid and pitch adapter is also added.

It takes ~ 2hr to align and glue all parts.
Alignment precision on strips ~2-4um
Glue will take >12 hr to cure.
Fixture has a removable center block for glue curing.

• Need 6 modules/day on production
2 technicians on 2 CMMs

• Above operation is the same used for L00 construction
• Number of production hours: 1,200*2 = 2,400 hr
• Total number of hours allocated including support: 4,960 hr
• Total cost ~ 0.5 M$



Fixture for Module assembly

• Fixture for module assembly is similar to L00



Module Bonding

• Number of bonds per module is ~ 1,600 positioned in 3 rows
It will take ~ 1hr per module

Need to sustain a rate of 6 modules/day

1 dedicated machine + 1 dedicated operator

• Testing and repair will follow
Testing time is very short (~ 20 m mostly setup time)

Amount of repair needed is hopefully less of an issue with
respect to the SVXII work (single sided silicon detectors)

No burn-in of modules

• Modules are stored, ready for being installed onto staves

• Machine downtime is considered in the operator inefficiency



Stave Production Schedule



Stave mechanical construction

• Done in advance of module/stave assembly production.
• Major steps are:

Prepare and cut to size the CF skin (K13C2U) (in advance)
Prepare other parts (mounting features, foam pieces, peek tubing
etc.) (in advance)
Glue the bus cable to it on a fixture. This operation does not require
a CMM and take less then 2 hr.
On a mold parts go together and glued

• It takes 2 hr/stave and we will have 3 molds.
• 3 mechanical staves/day during production
• 2 technicians required during production
• Number of hours in production: 240*4 = 960 hr.
• Total number of hours allocated including support: 1,920 hr



Stave Electrical Assembly

• Main steps are:
Mechanical stave is put on a fixture referenced via the mounting
features of the stave
3 modules are aligned under the CMM and moved under vacuum over
the stave
Glue is applied and modules are aligned to the fixture (~5um axial).
mini port card is positioned and glued (axial side only)
Repeat for the stereo side (stereo to axial alignment ~15um)
Fold and glue the wing cable (from mini-PC to the stereo side)

• Rate needed is 1 stave/day
• Estimated time required is ~3 hr. per side of stave.
• Number of hours in production: 200*6 = 1,200 hr.
• Total number of hours allocated including support: 4,000 hr
• Stave total cost ~ 1.1M$



Installing modules on Stave Fixture

• We are envisioning a similar concept (above used for L00)



Stave Installation

• Main steps are:
Align bulk-heads
Inner screen is glued
We will have a fixture that allows to grab a stave and insert it
through the outer bulk-head and engage to the precision position
pins on the bulk-head itself.
Under the CMM, position adjustments are performed and stave
locked in place

• Stave installation and testing needs to be done efficiently in
parallel to stave construction

• Estimated time required is 2.0 hr/stave
• Number of hours in production: 180*2.0 = 360 hr.
• Total number of hours allocated including support: 2,820 hr
• Fixture cost ~ 0.15 M$



Stave installation

• Concept similar to what used for SVXII (above in picture)



Stave Bonding

• Need the working area of the K&S 8090

• Bonds are:
hybrids to the bus cable (axial and stereo)

Bus cable to mini-PC (axial side only)

Bus cable to mini-PC wing (stereo side only)

• Estimated time is 4 hr/stave

• There is enough time on this machine to pick up part of the
module bonding (~1/2 day) and repair

• 1 dedicated operator and 1 machine assigned to this task



Electrical Testing

• Main testing steps:
Chips are tested on wafer

Hybrids are tested and burnt-in

Hybrids are received and re-tested at SiDet

Module are tested and repaired

Staves are tested and burnt-in

Staves are installed and tested

• Need 3 testing stations + 1 burn-in station

• Need 5 physicists and ~3 g.s. + some technical support
personnel

• The above crew will cover all testing need at SiDet



Status of the Project

• SVX4 chips have been submitted. Chips are expected back at
the end of May 2002

• Hybrid prototype have been submitted
• MPC prototype have been submitted
• Bus cable prototype have been submitted
• JPC prototype already in hand
• Cables and DAQ already in hand
• CF and G-10 Bulk-head prototypes already made
• Prototype fixture for sensors to sensor alignment already

made
• Most of the Prototype fixtures for stave mechanical

construction already made



Schedule Contingency

• We built schedule contingency by:
Increasing the number of submissions for critical parts

> Some critical parts such as the hybrids and the MPC have 4
submissions (prototype#1, prototype#2, pre-production and
production).

> SVX4 chips have 3 submissions (ER1, ER2 and production)

– We assume that we need to go through all of them for all the
critical parts before committing to production.

– The above yields an intrinsic contingency of 7 months.

Contingency on the critical tasks such as module construction,
stave construction, assembly and installation is built-in.

– Our construction rate of 6 modules/day and 1 stave/day should be
comfortably achievable.



Cost Contingency

Added 100% contingency on all items where we still need a
better understanding of our needs

Added 50% contingency on all items for which we don’t have a
quote or a layout.

Added 30% contingency on all items for which we already
have a quote and a layout.

We added contingency to all foreign contributions

We added indirect cost to all foreign contributions

We costed all “contingency” submissions.



Labor Counting and Contingency

Base of estimate for the Labor:
– Establish the number of hours needed to accomplish the task

– Considering 6 working hours/day
> Impact on the total amount of time needed to accomplish the task

– An inefficiency factor of 0.73 (364 working hr./QRT.) used to
determine the number of FTE needed.

– Apply a real calendar with all lab holidays

Contingency on Labor:
– We budgeted 0.25M$ to cover overtime and additional labor

expenses



Schedule Risks
• A working SVX4 chip as soon as possible is crucial to the project:

Reliability and ease of operation of the chip also fundamental
• Proving the electrical stave concept soon is critical
• Addressing L0 technical issues soon is critical
• Bonding time and equipment is reasonable if no too much re-work

needed
It is critical that the amount of re-work stays at a reasonable level
(<15-20%)

• Stave installation/testing needs to keep pace with stave construction
• The installation period (shut down) is also critical:

Many things have to happen in parallel and efficiently
Work to be performed both at SiDet and in the Collision Hall
Need to minimize the time required for connecting and testing the
detector in the Collision Hall !



Labor Profile

•SiDet Technical personnel required



Cost Profile

•Silicon Project cost including contingency and foreign
contributions



Conclusions

• Labor needed is similar to what was used for svxiia

• We have a well established set of milestones

• We have submitted all parts needed to have a working
electrical stave matching the SVX4 chip schedule.

• First stave electrical prototype available by August 2002.



Stave Concept

• The stave mechanical structure is a sandwich of carbon fiber and foam

• It has an integrated cooling channel formed by peek tubing (in/out)

• A bus cable carries all electrical/power distribution to the hybrids and silicon
sensors

• At the end of the bus cable the mini port card controls all signals to and from
the hybrids

• The whole detector is now made out of one single type of stave

• We have the flexibility of populating the stave with either axial or stereo
sensors

silicon

4-chips hybrid

svx4 chip

bus cable

stave mechanical structure

mini-PC

module


